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@ 17-{l8ocyano-sulfonylmethylene)-sterolds f 17-(formamido-suWonylmethytene)-3terolds and their preparation. 



The Invention relates to 17-{isocyano-sulfonyl- 
methylene)-steroids and a process for the preparation of 
these compounds. Furthermore the invention relates to 17- 
(formamido-sulfonylmethylene)-sterotds, which compounds 
are. intermediates in the preparation of the 17-(isocyano- 
sulfonylmethylene)-steroids. and a process for the prepara- 
tion of these compounds. 
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17-(Isocyano-sulf onylme thy lene) -steroids , 17-( f ormamldo- 
sulf onylmethylene)-sterolds and their preparation. 

The invention relates to 17-(isocyano-sulf onylmethylene) - 
5 steroids and a process for the preparation of these compounds. 
Furthermore the invention relates to 17 -( f ormamido- 
sulf onylmethylene)-steroids > which compounds are, 
intermediates in the preparation of the 17~( isocyano-sulf onyl- 
methylene)-steroids, and a process for the preparation of 
10 these compounds. 

The invention concerns particularly 17-( isocyano-sulf onyl- 
methylene)^ teroids of the general formula 



e. 
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in which R^ represents a hydrogen atom or a methyl group or is 
absent in the case of a double bond between C^q and C^, C5 or 
Co , R2 represents a hydrogen atom or a methyl group, R3 
represents an alkyl or dialkylamino or an aryl group 
5 substituted or not substituted by one or more halogen atoms, 
alkyl, alkoxy, nitro or cyano groups, and the rings A, B, C 
and D optionally contain one or more double bonds, are 
substituted or not substituted by one or more hydroxy groups, 
amino groups, oxygen atoms, halogen atoms or alkyl, alkylene, 

10 ^alkoxy or alkoxyalkoxy groups and are disubs t ituted or not 

disubs ti tuted by one or more epoxy groups, methylene groups, 
alkylenedioxy , alkylenedithio or alkyleneoxy thio groups. 

When R3 represents an alkyl group, suitable alkyl groups 
are straight or branched alkyl groups having 1 to 8 carbon 

15 atoms, preferably 1-4 carbon atoms. 

When R3 represents a dialkylamino group, suitable 
dialkylamino groups are dialkylamino groups wherein the alkyl 
groups are the same or different and contain 1-8 carbon atoms, 
preferably 1-4 carbon atoms, or a dialkylamino group wherein 

20 the alkyl groups together with the nitrogen atom form a 

heterocyclic ring which optionally ray contain an oxygen atom, 
the ring containing up to 8 ring atoms. Prefered dialkylamino 
groups are dime thylamino , die thylaraino , pyrolidine and 
morfoline. 

25 When R3 represents an aryl group, a suitable group is 

phenyl substituted or not substituted by a halogen atom or an 

alkyl group, preferably a phenyl or p-me thylphenyl group. 

When the rings A, B, C and D contain one or more double 

bonds, these double bonds are preferably present between 
30 and C2 > C3 and C4 , C4 and C5 , C5 and C5, C5 and C7 , Co and 

c 10> ^9 and Cn and/or C^j and Cj,2* More preferably the double 

bond is present between C9 and Cj^. 

When two or more double bonds are present especially the 

following systems are prefered: C3-C4 and C5-C6 , C4-C5 and C5- 
35 C 7 , Cx-C 2 and C4-C5, C\-C 2 > C3-C4 and C 5 -C 10 and 0^2, C4-C5 

and C6-C7- Preferably there is also a double bond between C9 

and C^. 
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When the rings A, B, C and D are substituted by a hydroxy 
group, suitable groups are 3-, 9-, 11-, 12- or 14-hydroxy 
groups. 

When the rings A, B, C and D are substituted by an amino 
5 group, suitable amino groups are 3-alkylamino groups, 

preferably containing 1-4 carbon atoms, 3-dialkylamino groups 
wherein the alkyl groups are the same or different, each alkyl 
group preferably containing 1-4 carbon atoms, or amino groups 
in which the nitrogen atom together with the alkyl group form 
10 a heterocyclic ring, preferably containing 1-8 ring atoms, 
which ring optionally may contain an oxygen atom. 
Particularly preferred are dimethylamino, diethylamino , 
pyrolidine an morfoline. 

When the rings A, B, C and D are substituted by an oxygen 
15 atom this oxygen atom is preferably present at G3, C.^ or 

c 12 . 

When the rings A, B, C and D are substituted by a halogen 
atom, suitable halogen atoms are 6-, 9- or 11-fluorine, 
chlorine or bromine atoms, preferably 6- or 9-fluorine or 
20 chlorine atoms. 

When the rings A, B, C and D are substituted by an alkyl 
group, suitable alkyl groups are 1-, 2-, 6-, 7- or 16 methyl 
groups, preferably 1-, 6- and 16 -methyl. 

When the rings A, B, C and D are substituted by an alkoxy 
25 group, suitable alkoxy groups are 3-, 9-, 11- or 12-alkoxy 

groups containing 1-4 carbon atoms, preferably 3-, 9-, or li- 
me thoxy or ethoxy groups. 

30 



35 
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When the rings A, B, C and D are substituted by an 
alkoxyalkoxy group, suitable groups are 3- or 11- 
oethoxymethoxy, oethoxyethoxy or tetrahydropyranyloxy . 

When the rings A, B, C and D are disubs tituted , suitable 
5 substituents are epoxy groups at and C£ or Co and Cn or a 
methylene group attached to and C2 or a 3 , 3-alkylenedioxy 
a 3 , 3-alkylenedithio or a 3 ,3~alkyleneoxy thio group- The 
alkylene group preferably contains 2 or 3 carbon atoms - 

More particularly the invention relates to compounds in 
10 which Ri and R2 represents methyl or in which Ri is absent, 
which are substituted by halogen, especially fluorine, or 
hydroxy at C9 and a hydroxy or keto group at Cj^, or 
containing functional groups, as a double bond or epoxy group 
between C9 and Cn, which can be converted by methods known in 
15 the art into the group mentioned before, and which contain a 
keto group at C3 and double bonds between and C2 and/or C4 
and C5, or containing functional groups which can be converted 
in the keto group and double bonds mentioned before. 

The invention aims at the preparation of 20-sulf onyl-20— 
20 f ormai8ido-delta^"^ 0 -s teroids and 20-sulf onyl-20-isocyano- 
delta^"^^-8teroids, because these 

compounds are valuable intermediates in the preparation of 21- 
hydroxy-20-keto-delta 16 -s teroids and 20-ke to-delt a 1 6 -s teroids 
as described in the simultaneously filed applications No. 
25 0000000 and 0000000 entitled: "New process for the 

preparation of 2 l-hydroxy-20-keto-delta 1 ^-steroids and new 
intermediate compounds formed in this process" and "New 
process for the preparation of 20-ke to-delta* 0 -6 teroids and 
new intermediate compound formed in this process." 

30 



35 



0123734 

The invention aleb relates to a process for the 
preparation of the compounds as defined before by reacting a 
17-oxo-steroid with a sulf onylmethylisocyanide and then 
dehydrating the resulting f ormamide to the corresponding 
5 isocyanide. Such a process is known* For instance European 
patent application No* 000 7672 discloses the said process 
applied to numerous ketones* Although not expected, it has 
been found that i7-( f ormamido-sulf onylmethylene-steroids and 
17-(Isocyano-sulf onylme thyl)-s teroids could be prepared 

10 according to a corresponding process as described in European 
patent application 000 7672, starting with 17-oxo-s teroids . 

Therefore the invention also relates to a process for the 
preparation of 17-(isocyano-sulf onylmethylene)-s teroid by 
reacting a ketone with a sulf onylmethylisocyanide , followed by 

15 dehydration of the resulting formamide, characterized in that 
the ketone is a 1 7-oxo-s teroid . 

In this connection the following is observed- The above 
mentioned European patent application contains one example 
(example 60) in which a steroid is used for the preparation of 

20 an alpha ,b£ta-unsaturated sulphonyl methyl formamide, and 

also the dehydration of this formamide to the corresponding 
isocyanide is described (example 26). In these examples the 
starting material was a 3-oxo-s teroid . 

However, as the 3-oxo-group of a steroid is more reactive 

25 than the 17-oxo-group, mainly due to steric reasons, it is not 
predictable for a man skilled in the art that these reactions 
also could be performed at the 1 7-oxo-g roup , especially not 
because of the known difficulties of reactions of p- 
methylphenylsulf onylme thyl-isocyanide In other type of 

30 reactions with sterically hindered ketones. It is surprisingly 
therefore, that alpha , bet a~unsaturat ed formamides and the 
corresponding isocyanides can be prepared from 17~oxo-steroids 
without problems. 

It is further observed that reactions of p- 

35 methylphenylsulf onylme thylisocyanides with 17-oxo-s teroids are 
known already, as appears from for 
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instance Tetrahedron _31_, 2151 and 2157, In these publications 
the preparation of 17-alpha and 17-beta cyano steroids is 
described. As a result of the already before mentioned steric 
hindrance of the 1 7-oxo-group , the reaction with p- 
5 methylphenylsulf onylme thylisocyanide to the 17-cyano steroids 
could only be performed by using fairly drastic reaction 
conditions. Although the mechanism for the formation of the 
cyano-compounds by reaction of p-methylphenylsulf onylraethyl- 
isocyanide with ketones is not known in details, it is 

10 generally believed that the above-mentioned alpha, b£ta- 

unsaturated formaaides, or more accurately their deprotonated 
anions, are intermediates in the formation of the cyano 
compounds. Isolation of the alpha , b^ta-unsaturated formamides 
seemed to be not possible, because under the drastic reaction 

15 conditions, necessary for the first step In the reaction 

scheme in view of the steric hindrance of the 1 7-oxo-group , 
the formamides, once formed, would react immediately further 
into the before mentioned cyano-compounds. It was therefore 
surprising that it was still possible to isolate the desired 

20 alpha, bet a-unsaturated formamides instead of the cyanides 

which would be expected. This could be reached mainly by using 
sufficiently low temperatures, i.e. temperatures below -20°C, 
preferably at -40°C, preferably using tet rahydrof uran as 
solvent . 

25 The invention also relates to the intermediate 17- 

(f ormamido-sulf onylme thy lene) -steroids of the general 
formula: fi 
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in which the substituents are as defined above. 

Furthermore, the invention also relates to a process for 
the preparation of these f ormamides by reacting a ketone with 
a sulf onylmethyl isocyanide characterized in that the ketone 
5 is a 17-oxo-steroid. 

As the 20-i8ocyano-20-6ul£onyl-delta^-steroids are 
intermediates in the preparation of the 20-ke to-delta^-^- 
steroids, the invention also relates to a process for the 
preparation of 20-keto-delta 16 -steroids , characterized in that 
10 a 20-isocyano-20-sulf onyl-delta^-s teroid is dehydrated. 

It is a further feature of the invention that both steps 
of the preparation process can be combined to a "one^pot- 
process". 

If necessary in order to obtain the desired steroids or to 

15 improve the yield protective groups may be introduced. The 

protective group may be removed after the first or the second 
reaction step, the former is recommendable when the protective 
group affects unfavourably the second reaction step. 

It is observed that the presence of a protective group can 

20 also be important when the isocyanides according to this 

invention are applied as intermediates for the preparation 
of 21-hydroxy-20-keto-delta 16 -s teroids or 20-keto-delta 16 - 
steroids as described in the simultaneously filed 
applications. For example, methoxy and te trahydropyranyloxy at 

25 the 3-position together with a double bond between C3 and C4 
are protecting groups for the 3-oxo-group until their 
hydrolyses during the last reaction step in the preparation of 
the said hydroxy-ke to-steroids . 

Suitable 17-oxo-s teroids for the process of the invention 

30 are those 17-oxo-steroids with the general formula: 




In which the steroid is as defined before. 
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For the reaction of the 17-oxo-steroids with the 
* sulf onylmethylisocyanides the general reaction conditions can 
be used as described by SchBllkopf et al. Angew. Cheraie, Int. 
Ed-, 12, 407 (1973) and by Van Leusen et al, Reel. Trav. Chim. 
5 Pays Bas 9£, 258 (1982); 

Usually the reaction is carried out with a strong alkaline 
agent in an organic solvent, preferably in an inert gas 
atmosphere* Examples of useful strong alkaline agents are 
alkali metal alcoholates such as alkali metal t-butylates and 

10 alkali metal ethanolates, alkali metal hydrides, alkali metal 
amines, alkali metal alkyls and alkali metal aryls, in which 
the alkali metal is generally lithium sodium or potassium. 
Potassium t-butoxide is preferably used* The reaction is 
preferably carried out at lower temperature, e.g. between -20 
•15 and -80°C > preferably between -30 and -60°C, dependant on the 
solvent used too. The reaction is further preferably carried 
out in a polar organic solvent such as tetrahydrof uran, 
dimethylf ormamide, 1 , 2-dime thoxyethane, hexaraethylf osf or- 
triamide, dioxane, toluene or mixtures thereof. 

20 Tetrahydrof uran is preferred. The inert gas atmosphere is 
preferably a nitrogen or an argon atomsphere- 

It will be appreciated that in principle the group R3 of 
the sulf onylmethylisocyanides R3-S02-CH2~N=C to be applied can 
be any group which does not interfere in the reaction. At 

25 least it will be possible to use those classes of 

sulf onylisocyanides which have been used already for this type 
of reactions. Examples 01 these classes are those compounds in 
which R3 is aryl, alkyl or dialkylamino, whereby optionally 
one or more substituents can be present. 

30 Suitable sulfony l&e Lhy I i socyanides are 

arylsulf onylmethylisocyanideb in which the aryl group is 
optionally substituted by one or more halogen atoms, alkyl, 
alkoxy, nitro or cyano croups. Pretcrcd 
arylsulionyJDethylisocyanides are 

35 phenylsul f onylmethylisocyanides in which the phenyl group Is 

eventually bubst i tnrcd or not substituted by a halogen atom or 
a lower alkyl group. Particularly prefered are phenylsulf onyl- 
methyl i^ncvanidi* ;»ou |— t * i l:vl phony! sul f onylmethyl i socyanide . 
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Any method for the preparation of isocyanides from 
formamides may be used, for example the reaction with 
f osf oroxychloride. This reaction is preferably carried out at 
lower temperatures, e.g. between -50° and 25°C, preferably 
5 between -30° and -5°C. Other dehydrating agents, may 

however, also be used- Examples thereof are fosgene, thionyl 
chloride, cyanuryl chloride, alkyl and arylsulfonyl chlorides, 
a mixture of t r if enylf osf ine , carbon tetrachloride and 
triethyl amine, 2-chloro-3-ethylbenzoxazolium 

10 te traf luoroborate or fosf or tri of pentachlor ide (see Ugi, 

Isonitril Chemistry, Acad- Press New York, 1971 , pages 10 to 
16) and difosgene (see Angew- Chemie, 89^, 2671 (1977)). The 
dehydration is preferably carried out in the presence of an 
acid-binding agent, such as an amine. Examples of suitable 

15 amines are triethyl amine, substituted or unsubs t i tuted 

pyridines, N-me thylmorpholine , while other alkaline agents may 
be used too, such as potassium carbonate, sodium carbonate, 
potassium t-butoxide and in special cases even sodium 
carbonate, potassium t-butoxide. The dehydration is 

20 preferably carried put in an inert organic solvent, such as 
di-, tri- or tet ra-chloromethane, ethyl acetate, dioxan, 
t etrahydrof uran, benzene, toluene, xylene, o-dichlorobenzene , 
acetone, 1 , 2 -dime thoxy ethane , bi b ( 2-methoxy ethyl) -ether , 
dimethylf ormamide or 1 , 2-dichloroethane or mixtures thereof. 

25 



30 
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The invention is illustrated by the following examples. In 
these examples TosMIC represents tosylmethyl isocyanide (p- 
methylphenylsulf onylraethyl isocyanide) - 

The specific rotation of the compounds was measured using 
5 light of the sodium D line. 



Example la 

Preparation of 3-methoxy-17-( isocyano-p-methylphenylsulf onyl- 
10 methylene) andros ta-3 , 5-diene . 

Potassium-t-hutoxide (840 mg, 7.5 mmol) was added to dry 
tetrahydrof uran (50 ml) whereafter the suspension was cooled 
to -40°C. TosMIC (1.17 g, 6 mmol) was added to the suspension 

15 at -40°C. After 10 minutes stirring at this temperature 3- 
methoxyandrosta-3,5-dlen-17-one (1.5 g, 5 mmol) was added. 
The mixture was stirred for two houres at -4Q/-30°C, followed 
by the addition of fosforic acid (615 mg, 7-5 mmol) at -35°C. 
After stirring for 10 minutes, trie thylamine (7.5 ml, 54 mmol) 

20 and fosforoxy trichloride (1 ml, 11 mmol) were added at -35°C. 
The reaction mixture was stirred for one hour at 0°C, and 
poured into a mixture of 250 ml of ice water and 50 ml of 
brine. Extraction with CH 2 C1 2 , drying over MgS0 4 , evaporation 
in vacuum and crystallization from methanol afforded the 

25 alpha-b£ta-unsaturated isocyanide (1.72 g, 3.6 mmol, 72Z), 

m.p. 205°C (dec); (alpha) 20 -85° (c 0.675, CHC1 3 ); IR (Nujol) 
2140 (N=C), 1655, 1632, 1612 (C-C), 1600 (Ar) , 1340 and 1162 
(S0 2 ) cm" 1 ; !h NMR (CDCI3) delta 0.8-3.2 (m) , 0.96 (s, 3H), 
2.42 (s), 3.5 (S, 3H), 5.0-5-3 (m, 2H), 7.15, 7.33, 7.64, 7.80 

30 (ABq, 4H). Anal, calcd. for C29H35KO3S (477.67): C 72.92, H 
7.39, N 2.93, S 6.71; found C 72.7, H 7.4, N 2.9, S 6.7. 



35 
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Example lb 

Preparation of 3-methoxy-17-( f ormamido-p-methy lphenylsulf onyl - 
methylenjandros ta-3 , 5-diene . 

5 

Potassium-t-butoxide (1.26 g) was added to dry tetrahydrof uran 
(50 ml) whereaf ter the suspension was cooled to -'50*C. TosMIC 
(1*17 g) was added to the suspension. After 10 minutes 
6tirring at this temperature 3-me thoxyandros ta-3 , 5 -'di en- 17 -one 

10 (1.5 g) was added. The mixture was stirred for 2.5 hours at 
-40/-55°C, followed by the addition of 0.92 g H3PO3. The 
reaction mixture was stirred for 20 minutes, and poured into a 
mixture of 250 ml of ice water and 50 ml of brine. Extraction 
with CH2CI2 drying over MgS04 , evaporation in vacuum and 

15 crystallization from hexane/CB^Cl^ afforded the alpha, beta- 
unsaturated formadide (1.47 g, 59 %) - IR (CHCI3) 3396, 3367 
(NH), 1699 (C»0), 1654, 1626, 1559 (C=C), 1316, 1141, 
(S0 2 ) cm"" 1 . NMR (CDCI3) 0.945 (s, 6H) , 2.41 (s, 3H), 3.53 (s, 
3H), 5.16 (m, 2H), 7.2-8.2 (m, 6H). 

20 Example 2 

Preparation of 3-me thoxy-1 7-( lsocyano-p-me thylphenylsulf ony 1- 
methylene)es tra-1 ,3,5 ( 10)-trlene . 

25 The alpha-beta-unsaturated isdcyanide was prepared according 
to Example la starting from 3-me thoxy es t ra-1 , 3 , 5( 10) - triene- 
17-one (1.42 g, 5 mmol). The alpha-beta-unsaturated isocyanide 
was precipitated from methanol as a gel. The methanol was 
removed and the gel was dried in vacuum. 1.62 g of the 

30 isocyanide was obtained (70%), m.p. 82-86°C (dec). 

(alpha) 20 +46° (c 1.00, CHCI3). IR (Nujol) 2150 (N=C), 1618, 
1620 (Arom + C=C), 1390, 1342, 1162 (S0 2 ) cm" 1 . l U NMR (CDCI3) 
delta 1.1-3.2 (m), 2.42 (s, 3H), 3.70 (s, 3H) , 6-53 (s, 1H), 
6.68 (s, 1H), 7.00 (s, 1H), 7.21, 7.34, 7.69, 7.83 (ABq, 4H). 

35 Anal, calcd. for C 2 8 H 31 N0 3 S (461.62): C 72.85, H 6.77, N 3.03, 
S 6.95; found: C 73.1, H 7.2, N 2.85%. 
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Example 3 

Preparation of 17-( isocyano-p-aethy lphenylsulf ony lmethylene) 
androsta-1 , 4-diene-3-one . 

5 

The alpha-beta-unsaturated lsocyanide was prepared according 
to Example la, starting from androsta-l , 4-diene-3 , 17-dione 
(1.42 g, 5 mmol). After crystallization from methanol at -20°C 
the lsocyanide was obtained as a white solid, (1.35 g, 59Z) 

10 m.p. 18l-183°C tdec). (alpha)* 0 -HL 8 1* ( c 1.00, CHC1 3 ). IR 
(Nujol), 2140 (N-C), 1665 (C=0), 1630, 1610 (OC), 1600 (Ar), 
1380, 1335, 1160 (S0 2 ) cm"!. *H HMR (CDCI3): delta 0.8-3.2 
(m), 1.0 (s), 1.21 (s), 2.43 (s), 6.00, 6.04, 6.20, 6.23 (2 x 
d 2H), 6.83, 7.00, (d, 2H) , 7.18, 7-33, 7.65, 7.78, (ABq, 4H) . 

15 Anal. calcd. for C28H31NO3S (461.62): C 72.85, H 6.77, H 
3.03, S 6.95; found C 72.6, H 6-8, H 3.0, S 7.0Z- 

Example 4 

20 Preparation of 3-methoxy-17-( isocyano-p-methy lphenylsulf onyl- 
methylene)-androsta-3 > 5 > 9(ll)triene. 

The alpha-b£ta-unsaturated lsocyanide was prepared according 
to Example la, starting from 3-methoxyandrosta-3 , 5 , 9 (11)- 
25 trien-17-one (1.49 g, 5 mmol). The raw product was 

crystallized from 40 ml of methanol. Yield: 1.84 g (77X), m.p. 
162-167°C. Two further crystallizations from 

methylenechloride/methanol (1:4) afforded a product with a 
melting point 172°C (dec-)- (alpha) 20 -109° (c 1.00, CHCI3). 

30 IR (Nujol) 2150 (N=C), 1660, 1640, 1615 (OC), 1605 (Ar), 
1380, 1345, 1270 (S0 2 ) coT 1 . *H NMR (CDCI3): delta 0.8-3.3 
(m), 0.90 (s), 1.09 (s), 2.41 (s), 3.50 (s, 3H), 5.0-5-55 (m, 
3H), 7.20, 7.35, 7.65, 7.80, (ABq, 4H). Anal. calcd. for 
C29H33NO3S (475.65): C 73.23, H 6.99, N 2.94, S 6.74; found: 

35 C 72.7, H 7-0, N 3.0, S 6-7Z- 



Example 5 
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Preparation of 3-methoxy-l l-beta-hydroxy-17-(isocyano-p- 
me thyl phenyl sul f ony lme thylene ) and rosta-3 ,5-diene . 

5 Potassium-t-butoxide (420 mg, about 3,75 mmol) was added to 
dry tetrahydrof uran under nitrogen* The suspension was cooled 
to - 40°C and then TosMIC (585 mg , 3 mmol) and 3-methoxy- 
ll-b§t a-hydroxy andros ta-3 , 5-dien-l 7-one were added. After two 
hours stirring at ~40/-35°C H3PO3 (308 mg, 3-75) was added, 

10 followed after 10 minutes by t rie thylamine (7.5 ml, 54 mmol) 
and POCI3 (1 ml, llmmol). The POCI3 was added in such a way 
(during a period of about five minutes) that the temperature 
remained below - 30°C. After two hours stirring at -30/-35°C 
the reaction mixture was poured into a mixture of 150 ml of 

15 water and 50 ml of brine, followed by extraction with 
successively 60,30 and 30 ml of CH2CI2. After drying, 
filtration through AI2O3 (act. II-III) and evaporation of the 
solvent an oil was obtained. Addition of 20 ml methanol 
yielded crystals after cooling at -20°C. Drying above NaOH at 

20 0-2 mm Hg yielded 940 mg (76%) of the isocyano-compound, m.p. 
180°C (dec). After two further crystallisations from 10 ml of 
CH2CI2/CH3OH (1:5) the resulting substance had a m.p. of 
188°C (dec.)- (alpha) 20 -81° (c 1.00, CHCI3). IR (Nujol) 3650 
(OH), 2150 (N-C), 1655, 1630, 1615, 1598 (C-C + Ar), 1340, 

25 1165 cm- 1 (S0 2 ). 1 H NMR (CDCI3) delta 0*8 - 3.8 (m) , 1.18 (s), 
2.42 (s), 3.5 (s), 4-25-4.55 (m, 1H) , 5.03 (s, 2H) , 7.19, 
7.33, 7.66, 7.79 (ABq , 4H) . Anal.calcd- for C29H35NO4S 
(493.667): C 70.56, H 7.15, N 2.84, S 6.49: found C 70.1, H 
7.2, N 2.7, S 6.5%. 

30 

Example 6 

Preparation of 3-me thoxy-9-alpha-f luoro-ll-be ta-hydroxy- 
1 7- ( i socyano-p-me t hy lpheny 1 sul f ony lme thylene) and rosta-3 >5- 
35 diene . 



3~Methoxy-9-alpha-f luoro-1 1-beta-hydroxy-andros ta-3 ,5-dien-17- 
one (835 mg, 2.5 mmol) was treated in the same way as 
described in Example 5. The crude isocyano compound was 
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crystallized from 15 al of methanol and washed with two 
portions of 5 al of cold methanol. After drying 810 ag (63. 5%) 
of the pure substance were obtained; a. p. 180°C (dec.), 
(alpha) 20 -87°(c 1.00, CHC1 3 ). I* (Nujol) 3580 (OH), 2170 
(N~C), 1662, 1640, 1620, 1605 (OC + Ar), 1345, 1165 (S0 2 ) 
ca" 1 . lH NMR (CDCI3) delta 0.8-3.3 (a), 1.17 (s), 1.24 (s), 
2.42 (s), 3.50 (s, 3H), 4.05-4.60 (m, IK), 5.10 (s, br, 2H) , 
7.21, 7.32, 7.67, 7.78 (ABq, 4H) . 

Example 7 

Prepara tion of 3-methoxy-17-( lsocyano-p-aethylphenylsulf onyl- 
methylene)androsta-3 , 5-dien-l 1-one . 

3-Methoxyandrosta-3,5-diene-ll,17-dione (785 mg, 2.5 mmol) was 
treated with the same chemicals as described in Example la, 
however using half the quantities mentioned there. After 
crystallization from 10 ml of methanol 875 mg (71%) of the 
isocyano compound are obtained; ra.p. 195-205°C (dec). Further 
purification by two crystallizations from CH2Gl2/methanol 
yielded a substance having a m.p. of about 220°(dec.) and an 
(alpha) 20 of -86.5°(c 1.00, CHCI3) . IR (Nujol) 2150 (H=C), 
1705 (C-0), 1655, 1635, 1615 (OC), 1595 (Ar), 1340, 1170 
(S0 2 ) cm-*. 1h NMR (CDCI3) delta 0.7-3.8 (m) , 0.92 (s) , 1.12 
(s), 2.45 (s), 3.50 (s), 4.85-5.30 (m, 2H) , 7.19, 7.33, 7.62, 
7.77 (ABq , 4H) Anal, calcd. for C29H33NO4S (491.65): C 70.85, H 
6.77, N 2.85, S 6.52; found C 70.9, H 6.8, N 2.7, S 6.6%. 

Example 8a 

Preparation of 1-alpha , 2-alpha-methylene-6-chloro-17- 

(f ormamido-p-methylphenylsulf onylme thylene) andros ta-4 , 6-dien- 

3— one . 



Potassium-t-butoxide (412 mg , 3-68 mmol)was added to dry THF 
(30 ml). The suspension was cooled to - 40°C under nitrogen. 
Then TosMIC (575 mg, 2.94 mmol) was added and after 
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its solution the temperature was lowered to -75°C, followed by 
the addition of 6-alpha-chloro-l-alpha , 2-alpha-methylene- 
androsta-4,6-diene-3,17-dione (810 mg, 2-45 mmol). After 5 
hours stirring TosMIC was no longer present and the formamide 
5 compound was isolated* The resulting substance had a m.p. of 
259-260°C. l H NMR (CDCI3) delta 0.6-0.9 (m, cyclopropyl) , 
1*002 (s, 3H), 1.204 (s, 3H) , 2.46 (s, 3H) 6*3 (m, 2H) 7.3-8.4 
(m, 6H). 

10 Example 8b 

Preparation of 1-alpha, 2-alpha-methylene-6-chloro-17- 

( lsocyano-p-methyl-phenylsulf onylme thylene)androsta-4 , 6-dien- 

3-one. 

15 

The formamide prepared according to example 8a (300 mg) was 
dissolved in 6 ml of THF and cooled to ~20°C under nitrogen. 
Then tr ie thylamine (0.8 ml) and POCI3 ( 0.11 ml) were added, 
followed by stirring during half an hour at -20°C. The 

20 isocyanide was Isolated and purified according to example la. 
The resulting pure substance had a m.p. of 144-151°C (browning 
at 118°C). IR (CHCI3) 2110 (N»C), 1660 (00), 1615, 1601, 
(C=C), 1345, 1160 (S0 2 ) cm" 1 . *H NMR (CDCI3) delta 0.6-0.9 (m, 
cyclopropyl) , 1.025 (s, 3H), 1.200 (s, 3H) , 2.43 (s, 3H), 6-16 

25 (m, 2H), 7.31-7.77 (m, 4H). 

Example 9 

Preparation of 3 , 3-ethy lenedi thio-17-( isocyano-p-methy 1- 
30 phenyl sulf onylme thylene) and r os ta-4-ene . 

Potassium-t-butoxide (464 mg, 4.14 mmol) was added to dry THF 
25 ml) and cooled to -60°C under nitrogen. Then TosMIC (0.659, 
3.34 mmol) was added. After 10 minutes 3 , 3-e thylenedithio- 
35 androst-4-en-17-one (1 g, 2.76 mmol) dissolved in 5 ml THF 
was added followed by another 5 ml of THF . After two hours 
stirring at -60/-30°C acetic acid (0.24 ml, 
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4.2 mmol) was added at -40°C. After 10 minutes triethylaalne 
(4.14 ml) and P0C1 3 (0.55 ml) were added and the mixture was 
stirred during one hour (during the addition of the 
dehydrating agents the temperature raised to -10°C, stirring 
in a bath of 0°C). In order to complete the dehydration the 
same quantities of trietylamine and POCI3 were again added and 
the mixture was again stirred for an hour. Then water was 
added and the aqueous layer was three times extracted with 
CH2CI2. The collected CH2CI2 solutions were dried over MgS04 
and filtered- After evaporation of the solvent an oil was 
obtained. Crystallization from 20 ml of methanol afforded 
0.85 g (yield 57%) of the isocyanide m.p. 213-216 °C(dec .) . 
IR (CHCI3) : 2107 (N-C), 1608, 1600 (C«C), 1337, 1155, 
(S0 2 ) cm" 1 . l R NMR (CDCI3) delta 1.03 (s, 3H) , 1.10 (s, 3H) , 
2.45 (s, 3H), 3.30 (m, 4H), 5.50 (s, 1H) 7.2-7.95 (A Bq, 4H) . 

Example 10 

Preparation of 3 , 3-e thy lenedioxy-17-( I oscyano-p-me thylphenyl- 
sulf onylmethylene)androsta-5-ene . 

Potassium-t-butoxide (about 7.5 mmol) was added under nitrogen 
to THF (50 ml) and the mixture was cooled to -40°C. Then 
TosMIC (1.17g, 6 mmol) was added and after its solution 3,3- 
ethylenedioxyandrost-5-ene-17-one (1.65 g, 5 mmol). The 
reaction mixture was stirred at -30/-40°C for two hours. 
Though the TosMIC was completely used, the conversion of the 
steroid was not complete. Complete conversion was obtained by 
adding two times a further portion of 200 mg of TosMIC. Then 
H3PO3 (615 mg, 7.5 mmol) was added after about 20 minutes 
followed by addition of trie thylamine (7.5 ml, 54 mmol) and 
POCI3 (1 ml, 11 mmol). After stirring for one hour in a bath 
of 0°C and storing over night In a cool box the reaction 
mixture was 



-"- 012373^ 

poured in 300 ml of a cold 10% solution of NaCl and extracted 
with CH2CI2 (one time with 100 ml, then three times with 40 
ml). The collected extracts were washed with a NaCl-solu tion 
(10%) and dried over MgS04« After evaporation a semi-solid 
5 residu remained, which yielded after purification with 
methanol and a trace of pyridine 2.07 g (89%) of the 
isocyanide, m.p. 183-186°C (dec). IR (CHCI3) 2105 (N«C), 
1569, 1332, 1150 (S0 2 ) cm" 1 . l H NMR (CDCI3): delta 0.95 (s 
3H), 1.03 (s, 3H), 2.47 (s, 3H) , 3-93 (s, 4B) , 5.36 (m, H), 
10 7.40, 7.88 (ABq , 4H). 

Example 11 

15 Preparation of 3-b£ta-( 2 ' -t et rahydropyrany loxy )-17-( isocyano- 
p-methylphenylsulf onylmethylene)andros t-5-ene ♦ 

3-Beta-(2 f -tetrahydropyranyloxy)-17-(f ormamido-p-me thylphenyl- 
sulf onylmethylene)androst a-5-ene was prepared from 3-b§ta-(2 f - 

20 tetrahydropyranyloxyandros ta-5-en-17-one by reaction with 

TosMIC as described in Example la. 1 H NMR formamide (CDCI3): 
delta. 0.887 (s, 3H) , 0,977 (s, 3H), 2.41 (s, 3H) , 3.3-4.1 (m, 
2H), 4.68 (m 1H), 5.30 (m, 1H), 7.2-8.2 (m, 6H). The formamide 
compound (300 mg, 0.53 mmol) was dissolved in 6 ml THF and 

25 cooled to -20°C under dry nitrogen. Under stirring 

triethylamine (0.8 ml) and POCI3 (0.11 ml) were added. After 
30 minutes the reaction was completed. The reaction mixture 
was poured into an aqueous NaOH solution (50%, cooled in ice) 
and extracted with CH2CI2 (one portion of 25 ml, 3 portions of 

30 10 ml). The collected CH2CI2 extracts were washed with a NaCl 
solution (10%) and dried on MgS04. After filtrating, 
evaporation of the solvent and drying under vacuum the 
isocyanide was obtained (283 mg); m.p. 146-152°C (browning 
at 137°C). IR (CHCI3) 2106 (N=C), 1336, 1153 (S0 2 ), 1050 (- 

35 COC-Ocm" 1 . iH NMR (CDCI3), 0.947 (s, 3H) , 1.007 (s, 3H), 2.45 
(s, 3H), 3.2-4.1 (m 2H), 4.67 (m 1H) , 5.30 (m 1H) , 7.37-7.82 
(ABq 4H). 
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Example 12 

Preparation of l-alpha-methyl-O-metboxy-l?^ isocyano-p- 
methylphenylsulf onylme thylene )-andros ta-3 ,5-diene . 

5 

The alpha, beta-unsaturated isocyanlde was prepared according 
to Example 10, starting form l-alpha-raethyl-3-methoxyandros ta- 
3 ,5-dien-17-one (1.57 g, 5 mmol) • After crystallization from 
methanol at -20°C the iscocyanide was obtained (1-33 g, 54%) 
10 m.p. 157-171°C. IR (CHC1 3 ) 2108 (N=C), 1338, 1156 (S0 2 ) cm* 1 . 
NMR(CDCl3) delta 0.75 (d, 3H) , 0-970 (s, 3H), 1.013 (s, 3H) , 
2.46 (s, 3H), 3.55 (s, 3H) , 5.10 (m, 1H) , 5.34 (m, 1H), 7.42- 
7.90 (ABq, 4H). 

15 

Example 13 

Preparation of 3-nethoxy-ll-alpha-hydroxy-17-( lsocyanoo-p- 
methyl-phenylsulf onylme thylene)andros ta-3 , 5-diene. 

20 

Potassium- t-butoxide (160 mg, 1.5 mmol) was suspended in THF 
(12 ml) and cooled to -60°C. TosMIC (234 mg, 1.2 mmol) was 
added, followed after 10 minutes by 3-methoxy-l 1-alpha- 
^hydroxyandro6ta-3 ,5-dien-17-one (316 mg, 1.2 mmol). The clear 

25 solution was stirred for two hours at -50°C, followed by 
addition of trie thylamine (3 ml) and POCI3 (0.4 ml). The 
reaction mixture was stirred for 40 minutes at -40/-50°C and 
poured into a mixture of water and brine. After extraction 
with raethylen chloride at pH 7, the organic layer was dried 

30 and evaporated. Crystallization from methanol afforded the 
title compound (260 mg, 52%), m.p. 235°C (dec). l E NMR 
(CDCI3) 0.98 (s, 3H), 1.10 (s, 3H), 1.49 (s, 1H) , 2.47 (s, 
3H), 3.55 (s, 3H), 4.07 (m, IB), 5.10 (s, 1H), 5.22 (m, 1H) , 
7.36-7.82 (m, 4H) , IR (CHCI3) 3596 (OH), 2100 (N-C), 1655, 

35 1630, 1610, 1594 (C=C), 1336, 1155 (S0 2 ) cm~l. 
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Example 14 

Preparation of 3-(N-morf oline) -17- ( 1 socyano-p-me thy lphenyl- 
sulf onylmethylene )andros ta-3 , 5-diene . 

5 

The title compound was prepared in the same way a6 described 
in Example 13, starting form 3-(N-morf oline)-andros ta-3 , 5- 
dien-17-one (1.78 g, 5 mmol) . Yield: 52%, m.p. 154-156°C. 
lH NMR (CDC1 3 ) 0.97 (s, 2 x 3H), 2.45 (s, 3H) , 2.85-3.10 (m, 
10 4H), 3.6-3.8 (m, 4H) , 5.14 (d, 2H), 7.25, 7.41, 7.73, 7.88 

(ABq, 4H). IR (CHCI3) 2105 (N»C) , 1600 (OC)cm-l, 1337, 1150 
(SO2) cm" 1 . 

15 Example 15 

Preparation of 3-methoxy-l7-( isocyano-p-me thy 1 phenyl sulf onyl- 
methylene )-19-nor-androsta-3 , 5-diene . 

20 The title compound was prepared in the same way as described 
in Example 13, starting from 3-methoxy-l 9-nor-andr os ta-3 , 5- 
dien-17-one (725 mg, 2.5 mmol). Yield: 671 mg (55%), m.p. 163- 
168°C. 1 H NMR (CDCI3 + DMSO) 1.0-3.2 (m) , 0.97 (s, 3H) , 2.47 
(s, 3H), 3.55 (s, 3H), 5.22 (m, 2H) , 7.30, 7.44. 7.74, 7.88, 

25 (ABq, 4H). IR (CHCI3 ) 2105 (N=C), 1334, 1150 (S0 2 )cm~ 1 . 

Example 16 

Preparation of 3-methoxy-6-chlor o-17-( i socyano-p-methy Iphenyl- 
30 sulf onylmethylene)androst a -3 , 5-diene . 

The title compound was prepared in the same way as described 
in Example 13, starting form 3-me thoxy-6-chloro-andr os ta-3 , 5- 
dien-17-one (1.65 g). Yield: 1.6 g (56%), m.p. 180-181°C. 
35 l U NMR (CDCI3) 0.997 (s, 6H), 2.46 (s, 3H) , 3.61 (s, 3H) , 5.60 
(s, 1H), 7.34-7.82 (ABq, 4H). IR (CHCI3) 2106 (N=C), 1645, 
1618, 1598 (C=C). 
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Example 17 

Preparation of 3-bita-methoxyttethoxy-17-( 1 socyano-p-methyl- 
phenyl sulf onylmethylene)androsta-5-ene « 

5 

The title compound was prepared in the sane way as described 
in Example 13, starting from 3-b§ta-methoxymethoxy-andros ta-5- 
en-17-one (1.68 g, 5 mmol) . Yield: 0.78, m.p. 89~9G°C. 1 H NMR 
(CDCI3) 0-95 (s, 3H), 1.01 (s, 3H), 2.45 (s, 3H), 3.34 (s, 3H 
10 + 1H), 4.65 (s,-2H), 5.30 (s, 1H) , 7.25, 7.40, 7.72, 7.86 
(ABq , 4H). IR (CHCI3) 2106 (N=C) , 1335, 1147, (S0 2 ), 1597 
(OC), 1035 ca" 1 . 



30 
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Claims 



Compounds of the general formula: 




In which R^ represents a hydrogen atom or a methyl group or 
is absent in the case of a double bond between C^q and C\ 9 
C5 or C9, R2 represents a hydrogen atom or a methyl group, 
R3 represents an alkyl or dialkylamino group, or an aryl 
group substituted or not substituted by one or more halogen 
atoms, alkyl, alkoxy, nitro or cyano groups, and the ring 
A, B, C and D optionally contain one or more double bonds, 
are substituted or not substituted by one or more hydroxy 
groups, amino groups, oxygen atoms, halogen atoms or alkyl, 
alkylene, alkoxy or alkoxyalkoxy groups and are 
disubstituted or not disubs ti tuted by one or more epoxy 
groups, methylene groups, alkylenedioxy , a Ikylenedi thio or 
alkyleneoxy thio groups. 



Compounds of the general formula: 

■ %-\ 
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In which Ri represents a hydrogen atom or a methyl group or 
is absent in the case of a double bond between C^g and C^, 
C5 or C9, R2 represents a hydrogen atom or a methyl group, 
R3 represents an alkyl or dialkylamlno group, or an aryl 
group substituted or not substituted by one or more halogen 
atoms, alkyl, alkoxy, nitro or cyano groups, and the ring 
A, B, C and D optionally contain one or more double bonds, 
are substituted or not substituted by one or more hydroxy 
groups, amino groups, oxygen atoms, halogen atoms or alkyl, 
alkylene, alkoxy or alkoxyalkoxy groups and are 
disubs ti tuted or not dlsubs tituted by one or more epoxy 
groups, methylene groups, alkylenedioxy , alkylenedithio or 
alkyleneoxythio groups* 

Process for the preparation of the compounds described In 
claim 1 by reacting a ketone with a 

eulf onylme thylisocyanide , followed by dehydration of the 
resulting formamide, characterized in that the ketone is a 
17-oxo-s teroid. 

Process for the preparation of the compounds described In 
claim 2 by reacting a ketone with a 

sulf onylmethylisocyanide , characterized in that the ketone 
is a 17-oxo-s teroid • 

Process for the preparation of the compounds described in 
claim 1, characterized In that of the compounds described 
In claim 2 are dehydrated. 
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